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SUMMARY 

This report presents a "point-in-time" overview of the magnitude 
and extent of extraneous wastewater flows and the costs incurred in 
their treatment for a large sample group of WPCP's in the Province 
of Ontario. The analysis and results are based on the evaluation 
of annual effects and the insights obtained are most relevant from 
a Provincial rather than individual municipal viewpoint. 

The sample group of WPCP's has a combined design capacity 
which is 80% of the total installed in the Province and with the 
exception of lagoons is considered representative of most types 
of WPCP (primary , secondary, tertiary) . 

Methodology is developed and used to permit computation of 
extraneous wastewater flows, extra operating and fractional extra 
capital costs at individual WPCP's. Results for similar types of 
WPCP are aggregated to attain a Provincial overview. 

Employing a baseline contribution of 140 JGPCD. 
In The Sample Group of WPCP's As A Whole 

- 45% of the total number of WPCP's had some extraneous flow 

- 8% of annual flows were extraneous 

6% of annual operating expenditures were associated with 
the treatment of extraneous flow 

For Those WPCP's With Extraneous Flow 

21% of total annual flows were extraneous 

17% of total annual operating expenditures were associated 

with the treatment of extraneous flow 

23% of the capital investment in WPCP's is associated with 

the treatment of extraneous flow 

- secondary WPCP's have the highest percentage extraneous 



volume (26%) and percentage extra operating cost (13%) 

extraneous flow volumes with the exception of primary 
WPCP's, appear to be independent of whether sewerage is 
nominally combined or separate. 
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2 . INTRODUCTION 

Sanitary wastewater includes components of flow from 
domestic and industrial activity and inputs of groundwater (in- 
filtration) and surface runoff (inflow) . The inflow-infiltration 
(I/I) component is normally unpolluted and is therefore "extraneous" 
or "unwanted" in the sanitary collection system and at the WPCP . 

I/I can impair the efficient and effective collection, 
transmission and treatment of sanitary wastewater . 

At the WPCP, undesirable effects of I/I may include reductions 
in treatment efficiency and the in-plant bypass of raw or partially 
treated sewage. The I/I flowing within a separated sanitary 
collector system can result in flooding damage to private and 
public property and the overflow of untreated sanitary wastes 
direct to surface waters. In combined sewerage, significant in- 
filtration can result in unnecessarily protracted overflows . 
Sewerage and WPCP capital and operating costs are both increased 
as a result of the transmission and treatment of I/I flows. 

In conventional gravity sewer systems the total 
elimination of I/I is generally considered to be economically 
impracticable. Even partial I /I elimination is frequently costly. 
A distinction must therefore be made between the total quantity of 
I/I and that fraction which it is considered feasible and economic 
to eliminate. A frequently applied definition of extraneous flow 
is "that quantity of I/I which it is more cost-effective to 
eliminate than to transmit and treat". Use of this definition is 
convenient for a site-specific cost-benefit assessment, but not 
for the development of a provincial overview of I/I. 



The latter requires sonic definition of extraneous flow 
which provides a general differentiation of reasonable sanitary 
flows and excessive or extraneous flows. 

The present writing is addressed to developing a uniform 
definition of extraneous flow that can be applied to a number of 
WPCP's and, can be employed to make an assessment of the magnitude 
and the impact of extraneous flows, WPCP capital and operating costs. 

Other potential effects of extraneous flow (e.g. reduced 
WPCP efficiency , receiving water impairment) are much less readily 
quantified . Difficulties include a lack of available data (e.g. 
accurate records of annual bypassed volume) or poorly defined 
relationships between the magnitude of extraneous flow and its 
effects (e.g. incremental water quality impairment resulting from 
extraneous flow effects upon a WPCP) . Appendix II illustrates 
some of the other effects of extraneous flow, by providing case- 
history summaries for three Ontario municipalities . 

1 .1 Background 

In Ontario, there is a growing awareness of the problems 
arising from extraneous flow. In a recent survey of 188 municipalities , 
73% (102 municipalities) identified inflow-infiltration (I/I) as a 
sewerage problem area (1) . Some studies of I/I have been commissioned 
by the MOE ,- in particular , studies have been recently completed in 
Port Colborne. Other jurisdictions have also demonstrated concern 
over the impact of inflow-infiltration . For example, the Central 
Mortgage and Housing Corporation (CMHC) , a Federal Agency, exercises 
penalties against municipalities with high sewage flows. CMUC 
funding for capital works for sewage collection and waste treatment 
is reduced where the daily average per capita contribution of sewage 
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exceeds 120 IGPCD. The USEPA, in recognition of the adverse impacts 
of inflow-infiltration, has initiated an extensive program of I/I 
analysis and correction. Under the EPA construction grants program, 
a detailed sewer system I/I analysis must precede granting of funds 
for WPCP construction . 

1 .2 Objectives And Scope 

The study objectives were to obtain a point-in-time 
(1976) overview of the magnitude and impact of extraneous flows 
for a large number of WPCP's (primary, secondary, tertiary) . 
The measure of impact used was the extra cost incurred in treating 
extraneous flow. 

The analysis is general in scope in that it evaluates 
annual average effects. It is intended to provide insights more 
meaningful from a Provincial, rather than individual municipal 
viewpoint. 

The study is based on data available from published 
sources which has been accepted and used at face value. While the 
data and resulting analysis are felt to be basically accurate, study 
findings relating to a particular municipality should be regarded 
only as an indication of the possible need for more detailed 
investigation . 
2 . METHODOLOGY 

2.1 General 

The approach employed in calculating extraneous volumes 
and costs at an individual WPCP is presented schematically in Figure 
1A. Figure IB is a flow-chart of the methodology of calculations 
for individual WPCP's. Detailed explanations of individual steps 
are given in Section 2.2 - 2.4 and in Appendix III. The rationale 
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for the selection of a baseline flow is developed in Section 4. 



2.2 Data Sources 



Design, processed volume and operating cost data for 
WPCP's operated by the Ministry of the Environment were obtained from 
the 1976 Operating Summary of Mater Pollution Control Projects (2) . 
For WPCP's operated by municipalities design and processed volume 
data were obtained from the International Joint Commission Annual 
Report, 1976 (3). Additional WPCP design data (i.e. WPCP design per 
capita daily sewage contribution) was obtained from the Ministry of 
Industry and Tourism "Municipal Profiles" (4) . 

Operating cost data was not directly available for 
any municipally operated WPCP's. Therefore, operating cost functions 
were developed from Ministry of the Environment data and applied to 
the municipally operated WPCP's. Capital cost functions were 
obtained from the analysis of Black and Veatch data presented by 
Lemieux (5) . 

Processed volume data (daily, annual) relates only to 
the flows actually treated at WPCP's. Flow bypassed within sanitary 
sewer systems, or at WPCP's, and overflow volumes in combined systems 
are not available on any uniform or consistent basis and were there- 
fore not considered . 

Population data were obtained from either the IJC 1976 
Annual Report (3) or from the 1976 Municipal Directory (6) . IJC 
population data provides estimates of serviced population whereas 
the Municipal Directory indicates gross municipal population. Use 
of the gross population served by the WPCP results in a lower 
estimate of per capita daily sewage contributions . Accordingly , 
IJC data is employed wherever available. 
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The "sample" group of WPCP's includes most of those 
operated by the Ministry and those municipally operated facilities 
discharging to the Great Lakes, with the exception of lagoons or 
trickling filter facilities. 

WPCP's are classified as follows: 

- Primary WPCP's 

- Secondary WPCP's - including conventional 

activated sludge, high 
rate and contact 
stabilization plants. 
including oxidation 
ditches and extended 
aeration plants, 
including all plants 
with some form of 
effluent polishing. 



Extended Aeration WPCP's 



Tertiary WPCP's 



Within the various categories the aim was to include all 
WPCP's if possible. Individual WPCP's had to be excluded for various 
reasons, the most frequent being that the published data base was 
incomplete. 

Although a significant number of municipalities (127) are 
serviced by lagoons and trickling filters, installed treatment capacity 
in these categories represents only 4% of the provincial total and a 
small fraction of the provincial serviced population. The extra 
effort required to include trickling filter plants and lagoons was 
judged to be too time-consuming in relation to any additional insight 
which might be gained. 
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2.3 Computation Extraneous Volumes 

The extraneous component of sewaqe flow is defined as 
the daily per capita flow contribution in excess of a baseline or 
"legitimate" daily per capita contribution. Annual extraneous 
volume is then obtained as the product of the annual average 
extraneous per capita sewage contribution and the serviced population. 

2.4 Extraneous Cost Assessment 

The economic impact of inflow-infiltration is determined 
by computing the portion of WPCP capital and operating costs 
associated with treatment of the extraneous flow. While extra 
operating costs can be determined directly in current (1976) 
dollars, extra capital costs relate to dollars expended at the 
time the WPCP was built. Due to changes in WPCP design criteria 
with time and the different available means for financing of 
individual WPCP's, direct computation of extra capital costs is 
problematic. The approach taken in this analysis is to compute 
the fraction of the capital cost associated with treatment of 
extraneous flow. 

2.4.1 Operating Costs 

WPCP operating costs may be divided into those costs 
which vary with treated volume (volume-variable) and those costs 
that vary with WPCP design capacity (capacity-variable) . Capacity- 
variable costs are fixed for a given size and type of WPCP and 
incorporate the following cost items: 

- labour and labour related costs (e.g. employee 
benefits) , 
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- repairs and maintenance of plant equipment, 
transportation and communication costs, 
cost of supplies for maintenance, housekeeping and 
administration , 

cost of services other than sludge or debris haulage, 
the fraction of utility costs associated with non- 
volume variable electrical demand (e.g. power 
consumption by clarifier drives) and fuel for 
building heating. 

Volume-variable costs include those associated with 
treatment chemicals, sludge haulage, the fraction of utility costs 
resulting from pumping operations (raw sewage, raw sludge, return 
sludge), and fuel for anaerobic digester heating where applicable. 

A more detailed discussion of utility cost structure 
and the split between capacity and volume variable costs for 
different WPCP types is presented in Appendix III. 

Various authors have reported an exponential relationship 
between WPCP operating costs and design capacity (7, 8, 9). The 
specific cost relationship varies with operating cost category 
(capacity-variable/volume variable) and WPCP type (primary, secondary, 
etc,). The general form of the relationship for capacity variable 
costs is as follows: 

n 

C =k Q ° (1A) 

c c c 

where: C -is the capacity-variable operating cost 
k - is a constant dependent upon WPCP type 
Q -is the WPCP design capacity 
n - is an exponent known as the "economy of 
scale index" 
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The comparable relationship for volume variable costs 

is as follows: 

n 
C = k Q V (IB) 

V V V 

where the subscript v indicates volume-variable, and Q 
is the actual volume treated. 

If the exponent n is less than 1.0 in either equation 
1A or IB, then unit operating costs decline as WPCP design capacity 
or treated volume increase. 

Volume-and capacity-variable cost functions for each 
WPCP type were derived from 1976 Ministry of Environment operating 
data and are given in Appendix III-2. 

2.4.2 Determining Extra Operating Costs 



For the capacity-variable cost relationship indicated in 
equation 1A, the design capacity Q may be determined from the 
following expression in appropriate units: 



Q c = p x q (2A) 

where: p - is the population served by the WPCP 

q - is the daily per capita sewage contribution 

and: Q_ Base =■ q Base (2B) 

Q Ext. q Ext. 
c 

where the subscripts Ext. and Base refer to flows or per 
capita contribution with and without extraneous flow respectively. 

From equations 1A and IB it follows that the ratio of 
capacity variable costs at baseline per capita contribution and 
with extraneous contribution may be expressed as: 
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n 
C Da so = (Q Base) <*f Base ) ( >o 

C c Ext - ^J^xt.) q 



The extra capacity-variable costs associated with the 

extraneous per capita contribution (&C)can be determined from: 

n 
c 

AC = C Ext. - C Base = C Ext. ( 1 - q Base ) (3) 

c c c 

q Ext. 



Extra volume-variable costs (&V) are developed in a like 

manner. The resulting expression is as follows: 

n 
v 

hV = C Ext. (1 - q Base ) (4) 

v 

q Ext. 



The total excess operating cost is obtained by adding the 
extra capacity and volume-variable costs. 

2.4.3 Determining Extra Capital Cost 

Employing arguments similar to those from the operating 
costs, a percentage extra capital cost is determined as follows for 

a given WPCP type: 

1 
n 

percentage extra = (1 - Base ) x 100% (5) 

capital cost g 

where n is the economy of scale exponent for construction 
costs. Economy of scale exponents used in the calculation of percentage 
excess capital costs, derived from USEPA data, are presented in 
Appendix III. 

Equation (5) is appropriate only if a high degree of 
capacity utilization is true of WPCP' s in the sample group. If, 
for example, a WPCP is only at 50% of design capacity , the 
possibility exists that the average per capita sewage contribution 
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will be reduced as the remainder of capacity becomes employed. If 
the per capita contribution is reduced, a commensurate reduction 
in the percentage excess capital can also be expected. However, 
if per capita contributions remain the same until design capacity 
is reached or if the WPCP is close to (above or below) design 
capacity at the time of analysis , the percentage extra capital 
cost calculated by equation 5 applies. 

3. WPCP SAMPLE STATISTICS 

3.1 Represent ivity of Sample Group 

The sample group of WPCP's may be placed within the 
context of all Ontario WPCP's of a given type and capacity by 
reference to Figures 2 A, B, C. D. As can be seen the sample 
group represents a significant fraction of most type-capacity 
groups. Unrepresented type-capacity groups for which data were 
not available are: 0.1-0.49 IMGD Primary plants, 1.0-4.99 IMGD 
Extended Aeration plants and 0.1-0.49 IMGD Tertiary plants. 

Fortunately, they represent only a small number of 
facilities and their absence does not significantly affect the 
representivity of the overall sample. A summary of WPCP numbers 
and capacities for various types of plant in both the sample group 
and the Province as a whole is presented in Table 1 . 

3.2 Populations Serviced By Different Types of WPCP 

Figures 3 A, B, C, D present distributions of serviced 
populations for the sample WPCP's of each type. In general, 
population distributions are similar for the primary and secondary 
WPCP groups with the majority of plants serving populations of 
between 25,000 and 100,000 persons. Extended aeration plants 
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TABLE 1 
WPCP SAMPLE STATISTICS -1976 



Type 






Primary 

Secondary 

Extended 
Aeration 

Tertiary 



Number 


in 


Number in 


Fraction 


of 


Total 


Total 


Fraction of 


Province 


Sampl e 


Total Number 


Installed 


Installed 


Capacity 








Sampled 




Capacity in 
Province 
(IMGD) 


Capacity 
of Sample 
(IMGD) 


Sampled 


39 




27 


0.69 




210.8 


126.5 


0.60 


109 




80 


0.73 




705.8 


624.4 


0.89 


49 




28 


0.57 




52.7 


29.9 


0.57 


13 




7 


0.54 




21.8 
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0.86 



TOTAL 
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show a markedly different distribution, with the majority of 
plants serving populations of between 1,000 and 5,000 persons. 
The limited number of tertiary WPCP's precludes any general 
comments regarding distributions of their serviced population. 

3.3 Design And Actual Daily Per Capita Sewage Contribution 
By WPCP Type And Capacity 

WPCP capacity, daily average treated volume and 
serviced population data for each municipality in the sample group 
are given in Appendix 1. This Appendix also includes "design" 
and "actual" daily per capita sewage contributions and an 
indication of sewerage type (e.g. separate or combined). Definition 
of sewerage type was obtained from a recent survey of Ontario 
municipalities (1) . Sewerage categories are nominal since the 
extent to which treated volume in individual systems consists of 
combined or separated sewage is not accurately known. 

A summary of Appendix I data for the different types of 
WPCP is presented in Table 2. The average actual daily per capita 
sewage contribution to WPCP's of all types is 140 IGPCD. To 
provide some insight on the individual components of the baseline 
flow, a "theoretical" daily per capita sewage distribution, relevant 
to Ontario conditions was computed (Appendix IV). This resulted in 
a value of 119 IGPCD which is close to the weighted average design 
flow (125 IGPCD) for all classes of WPCP's in Table 2. 

Examination of Table 2 reveals that primary plants 
exhibit the poorest agreement between design and actual per capita 
contributions. The high actual flows in this group do not appear 
to stem from differences in the distribution of serviced popula- 
tions. A large percentage (67%) are however tributary to combined 
sewers. The fraction of wet weather flows intercepted and treated 
in combined sewer systems is difficult to predict. Natural 
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TABLE 2 
SUMMARY WPCP CHARACTERISTICS - 1976 





Number 


Type 


of 


of 


Plants 


WPCP 





I 



Primary 

Secondary 

Extended 
Aeration 

Tertiary 



27 

80 

28 
7 



Total Total 

Installed Daily 

Capaci ty Vol time 

(TIC) (TDV) 
IMGD IMG 



Total Average 

Serviced Per Capita 

Population Contribution 

IGPCD 



126.5 127.2 819,000 

624.4 616.6 4,470,950 

29.9 24.4 216,350 

18.7 13.6 100,000 



155 
138 

113 
136 



Average Fractional Plants 

Per Capita Capacity With 

Design Utilization Combined 

Contribution Sewerage 

IGPCD TDV '/TIC Number % 



133 
126 

104 
132 



1.01 
0.99 

0.82 
0.73 



18 
28 



67 

35 

7 



_ * 



TOTAL/ 

WEIGHTED 

AVERAGE 



142 



799.50 781.80 5,606,300 



140 



125 



0.98 



35 



* _ 



no analysis 



variations in precipitation and snowmelt , and the hydraulic 
ctiaractvri sties of regular structures all affect the fraction 
of wet weather flows retained within combined sewerage. 

The distribution of WPCP characteristics by per capita 
sewage contributions' for all the sample WPCP's is presented in 
Figures 4 A, B, C, D. 

Examination of these figures shows that 40% or 
more of daily processed volume, installed capacity and serviced 
population comes from WPCP's with daily per capita sewage 
contributions in the range of 131-140 IGPCD. In constrast, this 
group of WPCP's represents only 15 plants or 11% of the total 
number of WPCP's in the sample group. A more detailed examination 
of plants in this group reveals that the three WPCP's serving 
Metropolitan Toronto (Metro) represent 34% of the installed 
capacity , 35% of the daily processed volume and 38% of the 
serviced population. By virtue of having a large capacity in 
relation to a small number, the Metro plants skew the distributions 
of Figure 4 yielding a somewhat distorted view of the remainder 
of the sample group. Figure 4A shows that a significant number 
(20) and percentage (14%) of the sample group have high per capita 
sewage flows ( > 200 IGPCD) . 

4. SELECTION OF BASELINE PER CAPITA SEWAGE FLOW CONTRIBUTION 

The perception of the overall magnitude of extraneous 
flow and the number of WPCP's in the sample group which are 
considered to have some extraneous flow evidently depends on the 
value selected as the baseline per capita daily sewage contribution. 

To illustrate this the data of Figure 4C was replotted 
in the form of a cumulative distribution in Figure 5A. The Figure 
shows that a change in baseline from 80 to 140 IGPCD results in a 
reduction in percentage extraneous volume from 43 to 8 percent. 

- 20 - 



40 



58 - 



JO - 



i 
o to 



* 



15 



10 



FI6 4* DISTRIBUTION OF NUMBER OF WPCP S 



TOTAL NUMBER OF 
SAMPLE WPCPS >I4I 



#100 101 — 110 III— 120 IZI-IJO 191-140 141-130 ISI - 140 141-170 (71 -ISO 181-190 l«l - tOO 

PER CAPITA OAILY CONTRIBUTION (ISPCO) 



£200 



.95 






FIO. 4B DISTRIBUTION OF WPCP INSTALLED CAPACITY 


J .30 
o 


- 




TOTAL INSTALLED CAPACITY 
OF SAMPLE « TBt.5 IMGD 


o 
u 
-J 25 

£. to 


- 






& 








m 

2 .19 

i- 
t> 
< 
m 
*■ .10 
















OS 












































oo 









«ioo ioi- no 



IfO 121-130 191-140 141-150 191 - ISO 161 - ITO ITI-ISO IBI-ltO ISI - 200 *200 

PER CAPITA DAILY CONTRIBUTION (IGPCOI 



FIG. 4 DISTRIBUTION OF VARIOUS CHARACTERISTICS OF WPCP'S IN RELATION TO 
PER CAPITA SEWAGE CONTRIBUTION 



.40 |- 



39 



SO 



> 


zs 


>- 




-J 




4 




o 


to 


u. 




o 




z 




2 


19 






u 




4 




ff 










.10 




OS - 



0.0 



FIG 4C DISTRIBUTION OF WPCP DA(LY PROCESSED VOLUME 

TOTAL DAILY VOLUME 

SAMPLE MPCPS ' 7B1.B0 IM«0 



*I00 101-110 111-1*0 121-130 131-140 141-190 I St - ISO 1SI - ITO 171-180 (SI - ISO 191 - tOO 

PER CAPITA DAILY CONTRIBUTION (IOPCO) 



»M>0 






.40. 

































.46 




.39 






Fl« 40 DISTRIBUTION OF SERVICED POPULATION 


.30 




"^^^^^ TOTAL SERVICED POPULATION 


O 

K 






OF SAMPLE ' 9,«0«,SO0 








a .29 

u 
u 

> 

u tO 

m 








z 
o 








ft IS 

< 












to 












09 


- 























































* 100 (01 - no III - ItO 



FIG. 4 CONTINUED 



121-130 131-140 141-190 191 - ISO ISI - ITO ITI-IBO 1*1-190 191-200 
PER CAPITA DAILY CONTRIBUTION (ISPCO) 



**oo 



* 
o 



co 

O 
UJ 

z. 
<J 
ac 

X 



I 



Z> 



<s> 



100 



90 - 



80 - 



70 



60 - 



50 



FIG 5(A ) 



a 

< 

to 



a. 



o 



40 



30 



20 



_L 



_L 



X 



X 



X 



X 



x 



x 



X 



X 



J 



20 40 60 80 100 120 140 160 180 200 220 240 260 
BASELINE PER CAPITA SEWAGE CONTRIBUTION (IGPCD) 



2 

-I 

o 
> 



< 
a 



K- 

o 






o 

or 

UJ 

a. 

<si 

z> 
o 

UJ 

z 
< 
a: 

H- 
X 
UJ 




FIG. 5{B ) 



20 40 60 80 100 120 140 160 180 200 220 240 260 

BASELINE PER CAPITA SEWAGE CONTRIBUTION (IGPCD) 

FIG. 5 VARIATION OF EXTRANEOUS FLOW PROBLEM MAGNITUDE 
WITH BASELINE PER CAPITA SEWAGE CONTRIBUTION 



- 23 



The data of Figure 4A replotted in a cumulative distribu- 
tion as Figure 5B, show that the percentage and number of WPCP's 
with extraneous flow changes most rapidly for baseline per capita 
sewage contributions in the interval between 160 and 120 IGPCD. 
Over this interval the percentage of WPCP's with extraneous flow 
varies from 62 to 29% (88 and 41 WPCP's respectively) . 

Predicated upon the above results and the "theoretical" 
computation of baseline flow (Appendix IV) it is felt that 120 
IGPCD is the minimum baseline value which is reasonable for 
Province-wide application. A per capita sewage contribution of 
160 IGPCD is felt to be a reasonable upper limit. 

The baseline contribution chosen is 140 IGPCD, the 
average of the upper and lower limits mentioned above. Per capita 
contribution in excess of 140 IGPCD is considered extraneous in 
all further discussion. 

5.0 ASSESSMENT OF EXTRANEOUS WPCP VOLUME 

Daily per capita extraneous volumes and total annual 
extraneous volumes are presented in Table 3. Table 3 indicates 
that 18 primary plants or 67% of all primary WPCP's in the sample 
have some component of extraneous flow. Thirty-eight secondary 
WPCP's or 48% of all secondary plants in the sample have some 
extraneous flow. 

The extended aeration group by comparison has only 
6 WPCP's (21% of the number in the sample) with an extraneous per 
capita contribution. The small fraction of plants with extraneous 
flow is possibly the result of the smaller size of municipality 
served by this type of facility. This is supported by findings 
of a recent study (1) which demonstrated that per capita sewer 
lengths, and hence potential for infiltration decreases with the 
size of community . Examination of Appendix I data indicates that 

- 24 - 



TABLE 3 
WPCP EXTRANEOUS VOLUME SUMMARY -1976 






Municipality /WPCP 


WPCP 


WPCP 


Average Daily 


Extraneous 


Annual 


Nominal Type 




Type 


Operator 


Per Capita 
Contribution 

IGPCD 


Per Capita 
Contribution 

IGPCD 


Extraneous 
Volume 

IMG 


of Sewerage 


Brockville 


Primary 


Municipal 


200 


60 


44 


Separate 


Cornwall 


Primary 


MOE 


253 


113 


1,885 


Combined 


Fort Erie 


Primary 


Municipal 


183 


43 


240 


Combined 


Fort Frances 


Primary 


MOE 


191 


51 


166 


Combined 


Iroquois 


Primary 


Municipal 


167 


27 


12 


Separate 


Kingston 


Primary 


Municipal 


216 


76 


168 


Combined 


Leamington 


Primary 


Municipal 


165 


25 


98 


Combined 


Midland 


Primary 


MOE 


150 


10 


42 


Combined 


Morrisburg 


Primary 


Municipal 


252 


112 


86 


Separate 


Nanticoke 


Primary 


MOE 


387 


247 


108 


Combined 


Owen Sound 


Primary 


MOE 


235 


95 


67 


Combined 


Parry Sound 


Primary 


MOE 


156 


16 


32 


Combined 


Point Edward 


Primary 


MOE 


150 


10 


9 


Separate 


Port Dalhousie 


Primary 


Municipal 


148 


8 


157 


Separate 


Prescott 


Primary 


MOE 


194 


54 


101 


Combined 


Trenton 


Primary 


MOE 


252 


112 


602 


Combined 


Windsor /Westerley 


Primary 


Municipal 


149 


9 


506 


Combined 


Woodstock 


Primary 


Municipal 


192 


52 


495 


Combined 


TOTAL 




18 Plants 






4,818 IMG 


Ajax 


Secondary 


Municipal 


187 . 


47 w" 


237 


Separate 


Belleville 


Secondary 


MOE 


234 


94 


1,156 


Combined 


Brantford 


Secondary 


MOE 


16 8 y 


28 </ 


641 


Separate 


Bowmanville 


Secondary 


Municipal 


150 y 


10 ts 


35 


Separate 


Campbel 1 ford 


Secondary 


MOE 


356 


216 


261 


Combined 



cont'd. 





Municipality /WPCP 


WPCP 


WPCP 


Average Daily 


Extraneous 


Annual 


Nominal Type 






Type 


Operator 


Per Capita 
Contribution 

IGPCD 


Per Capita 
Contribution 

IGPCD 


Extraneous 
Volume 

IMG 


of Sewerage 




Carle ton Place 


Secondary 


MOE 


269 


129 v 


264 


Separa te 




Collingvood 


Secondary 


Municipal 


334 


194 


673 


Combined 




Dunnville 


Secondary 


MOE 


208 


68^ 


132 


Separate 




Fergus 


Secondary 


MOE 


145 


5 


11 


Combined 




Fort Erie/Crystal 
















Beach 


Secondary 


Municipal 


451 


311 


227 


Combined 




Gait 


Secondary 


MOE 


160 


20 


261 


Separate 




Goderich 


Secondary 


Municipal 


204 


64 


161 


Combined 




Guelph 


Secondary 


Municipal 


171. 


31 / 


724 


Separate 




Hamilton 


Secondary 


Municipal 


181 


41 


4,639 


Combined 




Ingleside 


Secondary 


Municipal 


242 


102 t 


41 


Separate 




Kingston TWP. 


Secondary 


MOE 


172 


32 sj 


150 


Separate 




Kirkland Lake 


Secondary 


MOE 


196 


56 


272 


Separate 


1 


London/Greenwa y 


Secondary 


Municipal 


160 


20 


987 


Combined 


Kj 


Meaford 


Secondary 


MOE 


145 


5 


23 


Combined 


1 


Milton 


Secondary 


Municipal 


153 


13. 


48 


Separate 




Oakville/S.W. 


Secondary 


MOE 


157 , 


17 


304 


Separate 




Orillia 


Secondary 


Municipal 


173 v 


33 v 


208 


Separate 




Penetang 


Secondary 


Municipal 


151 


-II 


19 


Separate 




Peterborough 


Secondary 


Municipal 


178 


38 * 


798 


Separate 




Pickering/ 
















Frenchman' s Bay 


Secondary 


Municipal 


156 


16 -/ 


89 


Separate 




Pic ton 


Secondary 


Municipal 


159 


19 v 


33 


Separate 




Port Colborne/East 


Secondary 


Municipal 


313 


173 v 


3,020 


Separate 




Port Colborne/West 


Secondary 


Municipal 


226 y 


86 


361 


Separate 




Port Hope 


Secondary 


Municipal 


179 


39 j 


130 


Separate 




Port McNicol 


Secondary 


MOE 


171 v 


31 y 


10 


Separate 




St. Thomas 


Secondary 


Municipal 


145 


5 


49 


Combined 




Sidney Twp. 


Secondary 


MOE 


17 2 J 


32 


150 


Separate 




Simcoe 


Secondary 


MOE 


152 v' 


12 


57 


Separate 




Sturgeon Falls 


Secondary 


MOE 


276 s/ 


136 


253 


Separate 



Table 3 - continued 



Municipal i t y/WPCP 



-si 



WPCP 


WPCP 


Average Daily 


Extraneous 


Annual 


Nominal Type 


Type 


Operator 


Per Capita 


Per Capita 


Extraneous 


of Sewerage 






Contribution 


Contribution 


Vol ume 





IGPCD 



IGPCD 



IMG 



Walkerton 


Secondary 


Municipal 


238J 


98 J 




179 


Separate 


Wei land 


Secondary 


Municipal 


185 J 


45 




721 


Separate 


Whitby /Corbet t 
Creek 


Secondary 


Municipal 


214 . 


74 j 




375 


Separate 


Whitby /Pr ingle 
Creek 


Secondary 


Municipal 


151 , 


11 ■> 




58 


Separate 


TOTAL 




38 Plants 






17,757 


IMG 




Alliston 


Extended 
Aeration 


MOE 


143, 


3 J 




5 


Separate 


Black River 


Extended 
Aeration 


MOE 


400 y? 


260 




29 


Separate 


Burlington/Skyway 


Extended 
Aeration 


MOE 


164 . 


24 




637 


Separate 


St . Jacobs 


Extended 
Aeration 


MOE 


189 


49 




17 


Separate 


Schreiber Twp. 


Extended 
Aeration 


MOE 


184 J 


44 




10 


Separate 


TOTAL 




5 Plants 






698 


IMG 




Aurora 


Tertiary 


Municipal 


150 


10 




51 


Combined 


Orangeville 


Tertiary 


MOE 


148 4 


8 y 




30 


Separate 


Stra tford 


Tertiary 


MOE 


156 


16 




145 


Separate 


TOTAL 




3 Plants 






226 


IMG 




OVERALL TOTAL 




64 Plants 






22,801 


IMG 





34 pb~*S 



iv, . Girt, tQ"^ 

«■ ^7 






53 3C^Cf> 
Stl " 



60% of the sample communities serviced by extended aeration WPCP's 
have a serviced population of less than 2,000. In contrast, only 
twelve percent of all other munici palitios have servi cod populations 
of 2,000 or less. 

The number of tertiary WPCP's with extraneous flow is 
at present small. The effect of extraneous flow is, however, 
potentially greater on tertiary treatment plants than on primary 
or secondary WPCP's. Accordingly , any proliferation in the number 
of tertiary WPCP's with extraneous flow is highly undesirable. 

The distribution of extraneous daily per capita sewage 
contributions for all WPCP's independent of type/capacity group, 
is given in Figure 6. As is indicated that largest single grouping 
of plants (39 of a total of 64), have extraneous per capita 
contributions of less than 50 IGPCD. 

The relationship between WPCP design capacity and the 
incidence of extraneous flow was also examined for all WPCP types. 
In general the occurence of extraneous flow appears to be 
independent of the size of the WPCP and by implication the size of 
community served by the WPCP. 

Comparisons of annual extraneous volumes and annual 
processed volumes are given in Table 4. Table 4A summarizes annual 
extraneous contributions to each WPCP type as a percentage of the 
annual volume processed by all the WPCP's of that type in the sample 
group. It shows that a moderate fraction of total processed 
volumes are extraneous in each WPCP type. 

Table 4B presents extraneous flow contributions as a 
percentage of the annual processed volume in those WPCP's of a 
given type found to have extraneous flow. Table 4B shows that 
primary and extended aeration WPCP's both exhibit a level of annual 
extraneous volume which is felt to be significant, while tertiary 
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TABLE 4A 
ANNUAL PERCENTAGE EXTRANEOUS VOLUME 
CALCULATED FOR ALL WPCP's TN SAMPLE 



WPCP 
TYPE 



Primary 

Secondary 

Extended 
Aeration 

Tertiary 



ANNUAL 
PERCENTAGE 
EXTRANEOUS 

VOLUME 



10.4% 
7.6% 
8.0% 

4.6% 



PERCENTAGE OF 
WPCP's IN SAMPLE GROUP 
WITH COMBINED SEWERAGE 



67% 
35% 

7% 

no analysis 



Average 



8.2% 



34% 



TABLE 4B 
ANNUAL PERCENTAGE EXTRANEOUS VOLUME 
CALCULATED FOR ONLY WPCP's WITH EXTRANEOUS FLOW 



WPCP 
TYPE 



Primary 

Secondary 

Extended 
Aeration 

Tertiary 

Average 



ANNUAL 
PERCENTAGE 
EXTRANEOUS 

VOLUME 



15.6% 
26.0% 

14.7% 

8.3% 
~1 % 



PERCENTAGE OF 

WPCP's WITH EXTRANEOUS FLOW 

AND COMBINED SEWERAGE 



72% 
26% 
0% 

no analysis 
32% 



30 



WPCP's exhibit a moderate extraneous fraction. The most dramatic 
increase in extraneous volume is in the secondary WPCP group. 

The large increase is accounted for by the dispropor- 
tionate influence of Metropolitan Toronto WPCP's which are included 
in the Table 4 A comparison, but excluded from Table 4B. The 
potentially greater impact of extraneous flow upon pollution control 
effectiveness in secondary WPCP's taken in conjunction with the 
large number (38) of plants with extraneous flow, points to the 
secondary WPCP group a significant Provincial I/I problem area. 

The final columns of Tables 4A and 4B can be used to 
examine the significance of combined sewerage on incidence of 
extraneous flow. For secondary and extended aeration WPCP's, 
the percentages of plants which are tributary to combined sewerage 
and which have extraneous flows (Table 4B) are lower than the 
corresponding percentages of the entire sample group tributary 
to combined sewers ( Table 4A) . For primary WPCP's, the situation 
is reversed. Due to lack of data, no comments are made on tertiary 
WPCP's. Thus, only in the case of primary WPCP's does there appear 
to be a possible relationship between extraneous flow and type 
of sewerage. 

6.0 EXTRANEOUS COST ASSESSMENT 

The annual and per capita excess operating costs and 
percentage extra capital costs are presented in Table 5 for the 
WPCP's with extraneous flow. Per capita and annual total operating 
costs are also presented for comparison. Appendix III contains 
sample calculations of the type used in determining the capital 
and operating costs presented in Table 5. 

The excess WPCP operating costs presented in Table 
5 exhibit significant variation, with a range of values from 
$1,000 to $306,000 per year. Per capita extra operating costs 
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TABLE 5 



WPCP EXTRA COSTS - 1976 



%j 



Municipalit y/WPCP 


WPCP 


WPCP Percentage 


Capacity 


Volume 


Total 


Total 


Extra 


Extra 




Type 


Operator 


Extra 


Variable 


Variable 


Operating 


Per Capita 


Operating 


Per Capita 








Capital 


Operating 


Operating 


Cost 


Operating 


Cost 


Operating 








Cost 


Cost 


Cost 




Cost 




Cost 










Thousands 


Thousands 


Thousands 


$/person/yr 


Thousands 


$/ person/ yr 










Dollars/yr 


Dollars/yr 


Dollars/yr 




Dollars/yr 




Brockville 


Primary 


Municipal 


26 


109 


45 


154 


7.7 


32 


1.6 


Cornwall 


Primary 


MOE 


39 


199 


110 


309 


6.7 


99 


2.2 


Fort Erie 


Primary 


Municipal 


20 


71 


33 


104 


6.8 


17 


1.1 


Fort Frances 


Primary 


MOE 


23 


75 


18 


93 


10.5 


16 


1.8 


Iroquois 


Primary 


Municipal 


14 


34 


4 


38 


31.7 


4 


3.3 


Kingston 


Primary 


Municipal 


30 


222 


117 


339 


5.6 


84 


1.4 


Leamington 


Primary 


Municipal 


13 


71 


23 


94 


8.8 


9 


0.8 


Midland 


Primary 


MOE 


6 


71 


53 


124 


11.0 


6 


0.5 


Morrisburg 


Primary 


Municipal 


39 


34 


9 


43 


20.5 


13 


6.2 


Nanticoke 


Primary 


MOE 


57 


40 


12 


52 


16.8 


24 


7.7 


Owen Sound 


Primary 


MOE 


35 


90 


58 


148 


8.0 


43 


2.3 


Parry Sound 


Primary 


MOE 


9 


59 


21 


80 


14.8 


5 


0.9 


Point Edward 


Primary 


MOE 


6 


41 


9 


50 


20.0 


2 


0.8 


Port Dalhousie 


Primary 


Municipal 


5 


201 


78 


279 


5.2 


10 


0.2 


Prescot t 


Primary 


MOE 


24 


57 


14 


71 


13.9 


13 


2.6 


Trenton 


Primary 


MOE 


39 


57 


35 


92 


6.4 


30 


2.1 


Windsor /Wester 1 y 


Primary 


Municipal 


5 


315 


185 


500 


3.3 


20 


0.1 


Woodstock 


Primary 


Municipal 


23 


121 


54 


175 


6.7 


32 


1.2 


Ajax 


Secondary 


Municipal 


23 


121 


42 


175 


12.7 


34 


2.5 


Belleville 


Secondary 


MOE 


38 


235 


92 


327 


9.7 


103 


3.1 


Brantford 


Secondary 


MOE 


15 


400 


84 


484 


7.7 


59 


0.9 


Bowmanville 


Secondary 


Municipal 


6 


65 


25 


90 


9.3 


4 


0.4 


Campbell ford 


Secondary 


MOE 


58 


66 


7 


73 


21.5 


35 


10.3 


Carleton Place 


Secondary 


MOE 


45 


47 


13 


60 


11.5 


23 


4.3 


Collingwood 


Secondary 


Municipal 


55 


172 


51 


223 


23.5 


104 


11.0 


Dunnville 


Secondary 


MOE 


30 


76 


24 


100 


18.9 


25 


4.7 


Fergus 


Secondary 


MOE 


3 


45 


10 


55 


9.2 


1 


0.2 



Table 5 - continued 



Municipality /WPCP 


WPCP 


WPCP Percentage 


Capacity 


Volume 


Total 


Total 


Extra 


Extra 




Type 


Operator 


Extra 


Variable 


Variable 


Operating 


Per Capita 


Operating 


Per Capita 








Capital 


Operating 


Operating 


Cost 


Operating 


Cost 


Operating 








Cost 


Cost 


Cost 




Cost 




Cost 










Thousands 


Thousands 


Thousands 


$/ person/ yr 


Thousands 


$/ person/ yr 










Dollars/yr 


Dollars/yr 


Dollars/yr 
72 


36.0 


Dollars/yr 
41 




Fort Erie/Crystal 


Secondary 


Municipal 


66 


56 


16 


21.0 


Beach 




















Gait 


Secondary 


MOE 


12 


172 


79 


251 


7.0 


24 


0.7 


Goderich 


Secondary 


Municipal 


29 


65 


24 


89 


12.9 


22 


3.2 


Guelph 


Secondary 


Municipal 


17 


308 


155 


463 


10.4 


65 


1.0 


Hamilton 


Secondary 


Municipal 


21 


1032 


683 


1715 


5.5 


306 


1.0 


Ingles ide 


Secondary 


Municipal 


40 


29 


5 


34 


30.9 


11 


10.0 


Kingston Twp. 


Secondary 


MOE 


17 


113 


35 


148 


11.6 


21 


1.6 


Kirkland Lake 


Secondary 


MOE 


27 


116 


33 


149 


11.2 


32 


2.4 


London /Greenwa y 


Secondary 


Municipal 


12 


463 


287 


750 


5.7 


73 


0.5 


Meaford 


Secondary 


MOE 


3 


56 


8 


64 


15.2 


2 


0.5 


Milton 


Secondary 


Municipal 


8 


89 


27 


116 


11.4 


7 


0.7 


Oakville/S.W. 


Secondary 


Municipal 


10 


230 


113 


343 


7 


28 


0.6 


Orillia 


Secondary 


Municipal 


18 


166 


48 


214 


12.4 


30 


1.7 


Penetang 


Secondary 


Municipal 


7 


56 


13 


69 


14.4 


4 


0.8 


Peterborough 


Secondary 


Municipal 


20 


247 


146 


393 


6.8 


66 


1 .1 


Pickering/ 
Frenchman ' s Bay 


Secondary 


Municipal 


9 


121 


39 


160 


10.5 


12 


0.8 


Pi cton 


Secondary 


Municipal 


11 


104 


14 


118 


25.1 


10 


2.1 


Port Colborne/East 


Secondary 


Municipal 


52 


61 


26 


87 


18.1 


39 


8.1 


Port Colborne/West 


Secondary 


Municipal 


36 


146 


42 


188 


16.3 


55 


3.4 


Port Hope 


Secondary 


Municipal 


20 


104 


27 


131 


14.4 


21 


2.3 


Port McNicoll 


Secondary 


MOE 


17 


13 


4 


17 


18.9 


2 


2.2 


Sidney Twp. 


Secondary 


MOE 


17 


14 


2 


16 


21.3 


2 


2.7 


Simcoe 


Secondary 


MOE 


7 


109 


41 


150 


11.6 


9 


0.7 


St. Thomas 


Secondary 


Municipal 


3 


180 


61 


241 


9.0 


6 


0.2 


Sturgeon Falls 


Secondary 


MOE 


46 


70 


17 


87 


17.1 


34 


6.7 


Walkerton 


Secondary 


Municipal 


39 


65 


21 


86 


17.2 


28 


5.6 


Wei land 


Secondary 


Municipal 


23 


348 


118 


466 


10.6 


86 


2.0 


Whitby /Corbett 


Secondary 


Municipal 


32 


104 


48 


152 


10.9 


41 


2.9 



Table 5 - continued 



Municipality /WPCP 


WPCP 
Type 


WPCP i 
Operator 


Percentage 
Extra 
Capital 
Cost 


Capacity 
Variable 
Operating 
Cost 


Vol ume 
Variable 
Operating 
Cost 


Total 
Operating 
Cost 


Total 
Per Capita 
Operating 

Cost 


Extra 
Operating 
Cost 


Extra 

Per Capita 
Operating 
Cost 










Thousands 
Dollars /yr 


Thousands 
Dollars/yr 


Thousands 
Dollars/yr 

180 

58 
18.3 

375 

36 
23 


$/person/yr 

12.5 

13.6 
63.3 

5.1 

37.9 
38.3 


Thousands 
Dollars/yr 

10 

1 
7 

34 

5 

2 


$/person/yr 






Whitby/Pringle 
Creek 
Alliston 
Black River 
Burlington/ 
Skyway 
St. Jacobs 
Schreiber Twp. 


Secondary 

Ext. Aer. 
Ext. Aer. 

Ext. Aer. 

Ext. Aer. 
Ext. Aer. 

Tertiary 
Tertiary 
Tertiary 


Municipal 

MOE 
MOE 

MOE 

MOE 
MOE 

Municipal 
MOE 

MOE 


7 

2 
62 

14 

24 
22 

6 
5 
9 


144 

46 
18 

210 

30 
22 


36 

12 
0.3 

165 

6.0 
1.0 


0.7 

0.2 
23.3 

0.5 

5.3 
3.33 


Aurora 






no data- 








Orangeville 






no data- 








Stratford 






no data- 









t(j 



are presented in the final column of Table 5. They vary substantially, 
by location, although not necessarily in the same pattern as total 
extra operating cost. The largest impact of extraneous flow upon 
operating costs occurs in smaller communities where, in some cases, 
extra costs in excess of $20 per capita per year are noted. 

The percentage of capital cost associated with extraneous 
flow varies within a range of 2% to 66%, with thirty-nine WPCP's 
subject to what is felt to be a significant percentage extra cost 
(15% or greater) . 

Table 6A provides a measure of the average impact of 
extra operating costs on each WPCP type by presenting extra operating 
costs and total operating costs. In addition , the sum of extra 
operating costs for all sample WPCP's and the overall average 
percentage extra capital cost are also presented. 

The data of Table 6A and 6B show trends similar to those 
of the extraneous volume assessment. Extra operating costs due to 
extraneous flows represent a moderate fraction of total operating 
costs for WPCP sample groups (Table 6A) with perhaps the exception 
of primary WPCP's. However, when the percentage extra operating 
costs are calculated for only those WPCP's with extraneous flows 
(Table 6B) marked increases result in the primary and secondary 
groups. The average percentage extra capital costs resulting from 
extraneous flow (Table 6B - final column) are very similar for the 
three WPCP types for which data is available . Percentage extra 
capital costs are higher than the percentage extra operating costs - 
reflecting the more significant economies of scale available in the 
operation of WPCP's than in their construction. 

As noted in section 2.4 the basic assumption in the 

capital cost analysis is that the sample WPCP's utilize their 

existing design capacity to a high degree. Reference to Table 2 

shows that this assumption is warranted. In the case of primary 
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TABLE 6 A 

SUMMARY OF EXTRA OPERATING AND CAPITAL COSTS 
CALCULATED FOR ALL WPCP'S IN SAMPLE GROUP 



WPCP 
Type 



Total Annual 
Operating Cost 



Extra Annual 
Operating Cost 



(Thousands of Dollars) 



Primary 


4,057 


Secondary 


25,368 


Extended 




Aeration 


1,512 


Tertiary 





Total /Weighted 
Average 30,937 

Excluding 
Tertiary WPCP's 



459 
1,475 



-no data- 



1,983 



Percentage 
Extra Annual 
Operating Cost 



11 



TABLE 6B 

SUMMARY OF EXTRA OPERATING AND CAPITAL COSTS 
CALCULATED FOR ONLY WPCP'S WITH EXTRANEOUS FLOW 



WPCP 
Type 



Primary 

Secondary 

Extended 
Aeration 

Tertiary 



Total Annual Extra Annual Percentage 

Operating Cost Operating Cost Extra Annual 

Operating Cost 



(Thousands of Dollars) 



2,745 
8,116 

511 



Total/Weighted 
Average 11,372 

Excluding 
Tertiary WPCP's 



459 
1,475 



-no data- 



1,983 



17 
18 

10 



17 



Average 
Percentage 
Extra Capital 
Cost 



23 
24 

25 



23 



36 



and secondary WPCP's, the capacity utilization ratios are 1,01 and 
0.99 respectively while extended aeration and tertiary WPCP's have 
utilization ratios of 0.82 and 0.73 respectively . 

Various extensions and refinements of the present 
cost assessment methodology are possible. For example, the 
results are sensitive to the value of baseline sanitary sewage 
flows employed and results could be developed for different base- 
line flowrates. In theory the cost of I/I analysis and correction 
could also be developed then substracted from potential savings in 
WPCP capital and operating costs to produce a better estimate of 
possible overall savings. It is felt, however, that refinements 
in approaches are best developed from site-specific studies. For 
this reason, the evaluation of average extra unit operating cost 
($/IMG) or extra per capita operating costs is not attempted for 
the various WPCP types. The impact of extra operating costs is 
best assessed in the context of the individual municipality. 
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7 . CONCLUSIONS 

For a baseline per capita sewage contribution of 140 
IGPCD: 

1) Forty-five percent (45%) of all WPCP's in the sample 
group (64 of 142 plants) have some extraneous flow, 

2) For the WPCP's with extraneous flow the respective 
annual percentage extraneous volume and extra operating cost are 21% 
and 17%. 

3) Twenty-three percent (23%) of the capital cost of 
WPCP's with extraneous flow results from the need to treat such flows. 

4) For the whole of the sample group the extraneous 
volume was 8%. The corresponding extra annual operating cost is 6%. 

5) Extraneous flow (or lack of it) appears to be 
unrelated to WPCP size. It also appears unrelated to whether sewerage 
is nominally combined with the possible exception of primary WPCP's. 

6) Secondary WPCP's have the highest percentage 
extraneous volume (26%) and percentage extra operating cost (18%) . 
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WPCP CHARACTERISTICS - 


1976 








Municipality /WPCP 


WPCP 


WPCP 


Design 


Design 


Daily 


Serviced 


Daily 


Nominal 




Type 


Operating 


Capacity 


Per Capita 


Average 


Population 


Per Capita 


Sewerage 




(1) 


Authority &i 


Contribution 


Volume 




Contribution 


Type 






■ 


IMGD 


IGPCD 


IMGD 


Thousands 


IGPCD 




Amherstberg 


Primary 


Municipal 


1.0 


- 


0.97 


10.0 


97 


Separa te 


Brockville 


Primary 


Municipal 


3.75 


180 


4.0 


20.0 


200 


Combined 


Cornwall 


Primary 


MOE 


8.25 


125 


11.6 


45.9 


253 


Combined 


Elliot Lake 


Primary 


Municipal 


1.0 


68 


0.62 


4.5 


137 


Separate 


Espanol a 


Primary 


MOE 


0.66 


- 


0.48 


5.8 


83 


Combined 


Fort Erie 


Primary 


Municipal 


1.8 


- 


2.8 


15.3 


183 


Combined 


Fort Frances 


Primary 


MOE 


2.0 


167 


1.7 


8.9 


191 


Combined 


Iroquois 


Primary 


Municipal 


0.50 


- 


0.2 


1.2 


167 


Separate 


Kingston 


Primary 


Municipal 


13 


150 


13 


60.5 


216 


Combined 


Leamington 


Primary 


Municipal 


1.8 


168 


1.8 


10.7 


165 


Combined 


Midland 


Primary 


MOE 


1.25 


100 


1.7 


11.3 


150 


Combined 


Morrisburg 


Primary 


Municipal 


0.5 


- 


0.53 


2.1 


252 


Separate 


Nanticoke 


Primary 


MOE 


2.1 


396 


1.2 


3.1 


387 


Combined 


Niagara Falls/ 


















Stamford 


Primary 


Municipal 


10.0 


~ 


8.4 


70.4 


120 


Separate 


Owen Sound 


Primary 


MOE 


3.0 


120 


4.3 


18.4 


235 


Combined 


Parry Sound 


Primary 


MOE 


0.83 


HI 


0.84 


5.4 


156 


Combined 


Point Edward 


Primary 


MOE 


0.57 


100 


0.37 


2.5 


150 


Separate 


Port Dalhousie 


Primary 


Municipal 


11 


- 


7.9 


53.6 


148 


Separa te 


Prescott 


Primary 


MOE 


1.0 


125 


1.00 


5.1 


194 


Combined 


Sarnia 


Primary 


Municipal 


8.0 


181 


9.6 


70 


138 


Combined 


Sault Ste Marie 


Primary 


MOE 


12.0 


100 


8.1 


79.1 


103 


Separate 


Thunder Bay N. 


Primary 


MOE 


4.0 


100 


6.2 


42.8 


108 


Combined 


Thunder Bay S. 


Primary 


MOE 


6.0 


125 


4.6 


33.7 


137 


Combined 


Timmins 


Primary 


MOE 


3.0 


100 


3.8 


44.3 


86 


Separa te 


Trenton 


Primary 


MOE 


1.0 


83 


3.6 


14.3 


252 


Combined 


Windsor /Wester 1 y 


Primary 


Municipal 


24.0 


- 


22.9 


154 


149 


Combined 


Woodstock 


Primary 


Municipal 


4.5 


- 


5.0 


26.1 


192 


Combined 



cont'd. 



Appendix I - continued 



Mun i ci pal i ty/WPCP 



WPCP 
Type 



WPCP 
Operating 
Authority 



Design 
Capacity 



IMGD 



Design 

Per Capita 

Contribution 



Daily 
Average 
Volume 



Serviced 
Population 



Daily 

Per Capita 

Contribution 



IGPCD 



IMGD 



Thousands 



IGPCD 



Nominal 
Sewerage 
Type 





Ajax 


Secondary 


Municipal 


2.5 


104 


2.6 


13.8 


187 


Separa te 




Barrie 


Secondary 


Municipal 


3.0 


- 


4.2 


43.4 


97 


Separate 




Bath 


Secondary 


Municipal 


0.4 


60 


0.12 


1.0 


123 


Separate 




Belleville 


Secondary 


MOE 


8.0 


154 


7.9 


33.7 


234 


Combined 




Bowmanville 


Secondary 


Municipal 


1.0 


- 


1.45 


9.7 


150 


Separate 




Bradford 


Secondary 


MOE 


0.8 


200 


0.56 


5.2 


108 


Separate 




Bran tford 


Secondary 


MOE 


12.5 


192 


10.5 


62.7 


168 


Separate 




Burlington/Drury 
Lane 


Secondary 


MOE 


2.5 


83 


1.50 


12.4 


121 


Separa te 




Burlington/ 
Elizabeth Gardens 


Secondary 


MOE 


0.75 


100 


0.95 


6.8 


140 


Separate 




Campbel 1 ford 


Secondary 


MOE 


1.0 


238 


1.2 


3.4 


356 


Combined 


1 


Carleton Place 


Secondary 


MOE 


1.2 


160 


1.4 


5.2 


269 


Separate 


■fat 


Chatham 


Secondary 


MOE 


4.5 


100 


4.0 


30.6 


131 


Combined 


Uj 


Coldwater 


Secondary 


MOE 


0.12 


- 


0.041 


0.8 


51 


Separate 


1 


Collingwood 


Secondary 


Municipal 


4.2 


280 


3.2 


9.5 


334 


Combined 




Delhi 


Secondary 


MOE 


0.7 


- 


0.44 


3.6 


122 


Separate 




Dundas 


Secondary 


Municipal 


2.0 


- 


1.8 


17.4 


105 


Separate 




Dunnville 


Secondary 


MOE 


1.7 


- 


1.1 


5.3 


208 


Separate 




Ear Falls 


Secondary 


MOE 


0.20 


- 


0.09 


1.8 


51 


Separa te 




Elmira 


Secondary 


MOE 


0.68 


136 


0.57 


6.3 


90 


Separa t e 




Fergus 


Secondary 


MOE 


1.1 


110 


0.87 


6.0 


145 


Combined 




Fort Erie/Crystal 

Beach 




















Secondary 


Municipal 


0.8 


~ 


0.9 


2.0 


451 


Combined 




Gait 


Secondary 


MOE 


8.5 


250 


5.7 


35.7 


160 


Separate 




Goderich 


Secondary 


Municipal 


1.0 


100 


1.41 


6.9 


204 


Combined 




Guelph 


Secondary 


Municipal 


10 


120 


10.9 


64 


170 


Separate 




Haileybury 


Secondary 


MOE 


0.35 


- 


0.56 


4.9 


114 


Separate 




Hami 1 ton 


Secondary 


Municipal 


60 


- 


56.2 


310 


181 


Separate 




Huntsville 


Secondary 


MOE 


0.25 


83 


0.32 


3.0 


107 


Combined 



cont ' d . 
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Municipality /WPCP 


WPCP 


WPCP 


Design 


Design 


Daily 


Serviced 


Daily 


Nominal 




Type 


Operating 


Capacity 


Per Capita 


Average 


Population 


Per Capita 


Sewerage 






Authority 




Contribution 


Vol ume 




Contribution 


Type 








IMGD 


IGPCD 


IMGD 


Thousands 


IGPCD 




Ingersoll 


Secondary 


MOE 


2.25 


185 


1.01 


7.7 


132 


Separate 


Ingles ide 


Secondary 


Municipal 


0.3 


- 


0.24 


1.1 


242 


Separate 


Iroquois Falls 


Secondary 


MOE 


0.36 


- 


0.40 


6.5 


62 


Combined 


Kingston Twp. 


Secondary 


MOE 


2.42 


80 


2.20 


12.8 


172 


Separate 


Kirk land Lake 


Secondary 


MOE 


3.00 


- 


2.6 


13.3 


196 


Separate 


Kitchener 


Secondary 


MOE 


13.5 


135 


16.3 


123.9 


132 


Combined 


London/ Adelaide 


Secondary 


Municipal 


2.0 


- 


3.0 


35.4 


85 


Combined 


/Greenway 


Secondary 


Municipal 


18.3 


- 


21.6 


135.2 


160 


Combined 


/Vauxhall 


Secondary 


Municipal 


3.5 


112 


3.9 


28.1 


139 


Combined 


/Pottersburg 


Secondary 


Municipal 


4.0 


- 


3.1 


25.8 


120 


Combined 


/Oxford 


Secondary 


Municipal 


1.2 


- 


0.9 


12.8 


70 


Combined 


Longlac Twp. 


Secondary 


MOE 


0.21 


- 


0.08 


1.9 


43 


Separate 


Markham 


Secondary 


Municipal 


1.8 


-9 


1.23 


10.0 


123 


Separate 


Meaford 


Secondary 


MOE 


0.86 


- 


0.61 


4.2 


145 


Combined 


Milton 


Secondary 


Municipal 


1.6 


82 


1.56 


10.2 


153 


Separate 


Moosonee 


Secondary 


MOE 


0.11 


112 


0.12 


1.2 


100 


Separate 


Oakville/S.W. 


Secondary 


Municipal 


6.5 


113 


7.7 


49 


157 


Separate 


Oakville/S.E. 


Secondary 


Municipal 


2.0 


113 


2.1 


15 


137 


Separate 


Orillia 


Secondary 


Municipal 


4.0 


114 


3.0 


17.3 


173 


Separate 


Oshawa/ Harmony 
Creek 


Secondary 


Municipal 


15 


75 


10 


99 


100 


Separate 


Palmerston 


Secondary 


MOE 


0.25 


- 


0.22 


2.0 


110 


Separate 


Penetang 


Secondary 


Municipal 


0.80 


200 


0.73 


4.8 


151 


Combined 


Peterborough 


Secondary 


Municipal 


7.2 


150 


10.2 


57.5 


178 


Separate 


Pickering/ 
Frenchman's Bay 


Secondary 


Municipal 


2.5 


100 


2.4 


15.3 


156 


Separate 


Picton 


Secondary 


Municipal 


2.0 


- 


0.75 


4.7 


159 


Separate 


Port Colborne/E 


Secondary 


Municipal 


0.9 


160 


1.5 


4.8 


313 


Separate 


Port Colborne/W 


Secondary 


Municipal 


3.3 


160 


2.6 


11.5 


226 


Separate 


Port Hope 


Secondary 


Municipal 


2.0 


100 


1.6 


9.1 


179 


Combined 


Port McNicol 


Secondary 


MOE 


0.23 


92 


0.16 


0.9 


171 


Separate 


Preston 


Secondary 


MOE 


3.7 


- 


1.8 


16.3 


110 


Separate 



con t'd. 
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Municipality /WPCP WPCP 

Type 






WPCP Design 

Operating Capacity 
Authority 



Design 

Per Capita 

Contribution 



Daily 
Average 
Vol ume 



Servi ced 
Population 



Daily 

Per Capita 

Contribution 



IMGD 



Red Lake 
Richmond Hill 
Sidney Twp. 
Simcoe 
South Peel/ 

Lakevi ew 
St. Catherines/ 
Port We Her 
St. Mary's 
St . Thomas 
Sturgeon Falls 
Sudbury 
Tillsonburg 
Toronto/Main 

/Humber 
/North 

Toronto 
/Highland 
Creek 
Valley East 
Walkerton 
wallaceburg 
Waterloo 
Wei land 

Whitby /Pr ingle 

Creek 

/ Corbet t 

Creek 

Windsor/ Little 

River 



Secondary 


MOB 


0.25 


Secondary 


Municipal 


1.6 


Secondary 


MOE 


0.12 


Secondary 


MOE 


2.0 


Secondary 


MOE 


40.0 


Secondary 


Municipal 


8.25 


Secondary 


MOE 


0.85 


Secondary 


Municipal 


4.5 


Secondary 


MOE 


1.0 


Secondary 


MOE 


11.25 


Secondary 


MOE 


1.80 


Secondary 


Municipal 


180 


Secondary 


Municipal 


75 


Secondary 


Municipal 


10 


Secondary 


Municipal 


16 


Secondary 


MOE 


2.5 


Secondary 


Municipal 


1.0 


Secondary 


MOE 


1.5 


Secondary 


MOE 


6.0 


Secondary 


Municipal 


12.0 


Secondary 


Municipal 


3.25 


Secondary 


Municipal 


2.0 


Secondary 


Municipal 


8.0 



IGPCD 



IMGD 



130 



86 



100 
100 
111 
200 
100 

105 
105 



0.15 
1.5 
0.13 
1.96 

39.4 
7.6 



8.7 



26.7 



0, 


,52 


1, 


.2 


1. 


.0 


6. 


,4 


8, 


,1 


2. 


,2 


3, 


,0 


7, 


.1 



Thousands 



1.2 
20.4 

0.75 
12.9 

352.7 
63.7 



85 


0.55 


4.7 


113 


3.9 


26.9 


- 


1.4 


5.1 


115 


11.9 


91.8 


90 


0.90 


9.0 


- 


183 


1,400 




75.2 


540 



107.5 

193.8 

4.0 

5.0 

11.0 

45.9 

43.9 

14.4 
13.9 
60 



IGPCD 



125 

73 

173 

152 

112 

120 

117 
145 
276 
130 
100 
131 
139 

81 

138 

130 
238 

91 
140 
185 

151 
214 
117 



Nominal 
Sewerage 
Type 



Separate 
Separate 
Separate 
Separate 

Combined 

Separate 

Separate 
Combined 
Combined 
Separate 
Separate 
Combined 
Combined 

Combined 

Combined 

Separate 
Combined 
Combined 
Separate 
Separate 

Separate 
Separate 
Combined 



cont'd. 
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Municipality /WPCP 


WPCP 


WPCP 


Design 


Design 


Daily 


Serviced 


Daily 


Nominal 




Type 


Operating 


Capacity 


Per Capita 


Average 


Population 


Per Capita 


Sewerage 








Authority 




Contribution 


Volume 




Contribution 


Type 










IMGD 


IGPCD 


IMGD 


Thousands 


IGPCD 




Alliston 


Ext. 


Aer. 


MOE 


0.77 


164 


0.60 


4.2 


143 


Separate 


Bancroft 


Ext. 


Aer. 


MOE 


0.26 


- 


0.16 


2.3 


70 


Separate 


Barry's Bay 


Ext. 


Aer. 


MOE 


0.21 


91 


0.05 


0.90 


51 


Separa te 


Black River 


Ext. 


Aer. 


MOE 


0.15 


- 


0.12 


0.3 


400 


Separate 


Burlington/Skyway 


Ext. 


Aer. 


MOE 


12.0 


- 


12.0 


72.7 


164 


Separa te 


Chalk River 


Ext. 


Aer. 


MOE 


0.80 


53 


0.06 


1.1 


54 


Separate 


Clarkson 


Ext. 


Aer. 


MOE 


10.0 


- 


8.0 


101.2 


79 


Separate 


Desoronto 


Ext. 


Aer. 


MOE 


0.30 


107 


0.20 


1.5 


132 


Separate 


Eganville 


Ext. 


Aer. 


MOE 


0.17 


- 


0.09 


1.3 


69 


Separate 


Blora 


Ext. 


Aer. 


MOE 


0.08 


- 


0.16 


2.5 


64 


Separate 


Fenelon Falls 


Ext. 


Aer. 


MOE 


0.22 


- 


0.12 


1.5 


80 


Separate 


Frankford 


Ext. 


Aer. 


MOE 


0.30 


100 


0.13 


1.8 


72 


Separate 


Geraldton 


Ext. 


Aer. 


MOE 


0.40 


- 


0.33 


3.1 


106 


Combined 


Grand Valley 


Ext. 


Aer. 


MOE 


0.13 


- 


0.06 


1.1 


55 


Separate 


Ignace Twp. 


Ext. 


Aer. 


MOE 


0.14 


140 


0.11 


2.7 


41 


Separate 


L' Original 


Ext. 


Aer. 


MOE 


0.19 


100 


0.09 


1.3 


69 


Separate 


Latchford 


Ext. 


Aer. 


MOE 


0.75 


- 


0.07 


0.5 


130 


Separate 


Marmora 


Ext. 


Aer. 


MOE 


0.19 


- 


0.09 


1.3 


69 


Separate 


Merrickville 


Ext. 


Aer. 


MOE 


0.11 


- 


0.07 


0.9 


78 


Separate 


Norwood 


Ext. 


Aer. 


MOE 


0.16 


- 


0.09 


1.2 


78 


Separate 


Paisley 


Ext. 


Aer. 


MOE 


0.16 


- 


0.03 


0.90 


34 


Separate 


Paris 


Ext. 


Aer. 


MOE 


0.5 


- 


0.38 


3.7 


103 


Combined 


Pittsburg Twp. 


Ext. 


Aer. 


MOE 


0.25 


100 


0.006 


0.2 


30 


Separate 


Ray side-Bal four 


Ext. 


Aer. 


MOE 


0.63 


100 


0.37 


3.4 


109 


Separate 


Schreiber Twp. 


Ext. 


Aer. 


MOE 


0.25 


- 


0.11 


0.6 


184 


Separate 


Southampton 


Ext. 


Aer. 


MOE 


0.29 


- 


0.26 


2.6 


100 


Separate 


St . Jacobs 


Ext. 


Aer. 


MOE 


0.21 


-■ 


0.18 


0.95 


189 


Separate 


Westminster Twp. 


Ext. 


Aer. 


MOE 


0.25 


- 


0.42 


0.60 


67 


Separate 



con t ' d. 



Appendix 1 - continued 



Municipality /WPCP 


WPCP 


WPCP 


Design 


Design 


Daily 


Servi ced 


Daily 


Nominal 




Type 


Operating 


Capacity 


Per Capita 


Average 


Population 


Per Capita 


Sewerage 






Authority 




Contribution 


Volume 




Contribution 


Type 








IMGD 


IGPCD 


IMGD 


Thousands 


IGPCD 




Aurora 


Tertiary 


Municipal 


3.0 


130 


2.09 


13.9 


150 


Combined 


Georgetown 


Tertiary 


MOE 


3.0 


100 


2.0 


18 


117 


Separate 


Markham/John St. 


Tertiary 


Municipal 


0.75 


- 


0.91 


9.6 


95 


Separate 


Newmarket 


Tertiary 


Municipal 


3.0 


- 


2.56 


18.3 


140 


Separate 


Orangeville 


Tertiary 


MOE 


1.5 


100 


1.5 


10.1 


148 


Separate 


Richmond Hill/ 
North Don 


Tertiary 


Municipal 


1.4 


- 


0.64 


5.2 


123 


Separate 


Stratford 


Tertiary 


MOE 


6.0 


200 


3.9 


24.9 


156 


Separate 



ft 



Notes: (1) Ext. Aer. - Extended Aeration 

(2) MOE - Ontario Ministry of the Environment 
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CASE HISTORY DATA SHEET 



MUNICIPALITY 
REPORT TITLE (S) 



REPORT DATE(S) 



AUTHOR (S) 



Port Colborne 

1) Investigation of Extraneous Flows and 
Pollution Control Capacity Requirements 
in the City of Port Colborne 

2) Design Report on Water Pollution Control 
Facilities for the City of Port Colborne 

1) 1977 

2) 1976 

(1 and 2) Canadian-British Engineering 



SERVICING DATA 



SERVICED 


East - 4,800 


SERVICED 


POPULATION : 


West - 


AREA 


NOMINAL 




TYPE OF 


TYPE OF 


Separa te 


WPCP 


SEWERAGE : 






WPCP DESIGN 


East -9.9 


WPCP 


CAPACITY i 


West -3.3 IMGD 


PER CAPITA 




(re-rated) 


DESIGN 


WPCP 


East -1.5 IMGD 


WPCP AVERAi 


AVERAGE 


West -2.6 IMGD 


PER CAPITA 


DAILY FLOW: 


(exclusive of 
bypass) 


FLOW 


DESCRIPTION 


OF COLLECTION AND TREATMENT FACIL 



East - Mod. Act. Sludge 
West - Conv. Act. Sludge 
Physical/Chemical 



West - 226 IGPCD 



Port Colborne is divided into two basic areas (East and West) 
by the Welland Canal. The East side is comprised of five drainage areas; 
three of the East side collector systems were constructed in 1930' s with 
the remainder in 1960's. The East side is serviced by four pumping 
stations. 
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The West side is comprised of twelve drainage areas; four 
collector systems constructed in 1930, and the remaining eight 
systems constructed between mid-1960 and 1975. The West side is 
serviced by eleven pumping stations. 

Portions of the sanitary sewerage, although nominally 
separate, receive input from sump pumps, roof leaders, weeping tile 
and road catchbasins. Type and number of above inputs are dependent 
upon the sewer area. 

The East side WPCP is a modified conventional activated 
sludge plant (no primary clarifier) . 

The West side WPCP receives two raw sewage streams ("weak" 
or "dilute and strong") . The "weak" sewage is treated by chemical 
coagulation and primary clarification plus disinfection. The "strong" 
sewage stream receives conventional biological treatment. The West 
side WPCP was intially designed for 1.3 IMGD, however, with the change 
to physical /chemical treatment for a portion of the flows, the WPCP 
was re-rated to 3.3 IMGD. All pumping stations and both WPCP' s are 
provided with bypass capability. 
Collection and Treatment System Problem Areas 

Due to advanced age, portions of the sanitary sewage suffer 
from pipe cracking , leaking joints and broken pipe sections . Relatively 
high groundwater compounds problems resulting from above structural 
deficiencies giving rise to significant infiltration. 

Raw sewage is dilute resulting ir inefficient 
treatment and necessitating the use of physical-chemical treatment for 
a portion of the flows. It is estimated that East side WPCP daily 
receives 1.0 IMG of extraneous flow and that West side daily receives 
1 . 8 IMG of extraneous flow. 
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Known Water Quality Problem Areas 

Infiltration and inflow inputs to sanitary sewerage produce 
significant but unmeasured bypass at most pumping stations and both 
WPCP's. Bypass is recorded during both wet and dry weather periods. 

Proposed Remedial Action 

1. Staged sewer system rehabilitation program, 
principally employing insertion renewal. Estimated cost $2.8 
million. 



- 51 - 



CASE HISTORY DATA SHEET 



MUNICIPALITY 
REPORT TITLE (S) 



REPORT DATE(S) 
AUTHOR (S) 



Village of Iroquois 

Report on Village of Iroquois 

Examination of Sewage, Water and Drainage 

Facilities 

September, 1974 

Gore & Storrie 



SERVICING DATA 



SERVICED 
POPULATION 

NOMINAL 
TYPE OF 
SEWERAGE 

WPCP DESIGN 
CAPACITY 



WPCP 
AVERAGE 
DAILY FLOW 



1,216 



Separa te 



SERVICED 
AREA 

TYPE OF 
WPCP 



2.25 IMGD Domestic WPCP 

3 IMGD Industrial PER CAPITA 

5.25 IMGD Total DESIGN 

7.99 IMGD Domestic WPCP AVERAGE 
2.28 IMGD Industrial PER CAPITA 
10.27 IMGD Total FLOW 



302 acres 



Primary 



75 IGPCD Domestic 
175 IGPCD Average 



657 IGPCD 
(Based on Domestic 
Flow) 



DESCRIPTION OF COLLECTION AND TREATMENT FACILITIES 

Complete separate sewerage collection and treatment system 
was installed in 1955 subsequent to moving of the village by Ontario 
Hydro. The hydraulic design for the system is based on a population 
of 3,000 people at 75 IGPCD and an industrial contribution of 300,000 
IGPCD. This yields a WPCP design of 0.525 IMGD. A total of 378 
building units are connected to the sanitary sewer. Approximately 
70-80% of these houses have footing drains connected to the sanitary 
system. One percent of roof leaders are also directly connected to 
sanitary sewers. A single in-system pumping station was originally 
designed at 400 gpm and subsequently required an expansion to 3,000 
gpm. The pumping station services 52% of the municipality. 
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The WPCP facilities include primary clarification and 
chlorination plus sludge digestion. Flows in excess of 2x design 
capacity (1.05 IMGD) are bypassed at the WPCP. 

Collection and Treatment System Problem Areas 

Average per capita flow is 657 IGPCD exclusive of 
industrial contribution. Raw sewage is very dilute; average 
sewage quality BOD - 30 mg/L, SS - 35 mg/L. Wet weather peak 
flows of 2.15 IMGD or 1768 IGPCD have been experienced. 

Overall average yearly infiltration rate is 0.55 IMGD. 
It is estimated that 0.45 IMGD or 82% results from footing drains, 
the remainder from roof leaders and other sources. 

The WPCP is hydraulically overloaded, so that little 
removal of BOD and SS occurs. Sludge treatment facilities have 
never been employed due to lack of sludge. 

Significant excess operating costs are associated 
with treatment and transmission of extraneous flows. 

Known Water Quality Problem Areas 

Although not directly estimated , significant quantities 
of flow are annually bypassed at WPCP. The remainder of the flow 
receives only token treatment. Sample results indicate WPCP exerts 
little if any change upon influent sewage. 

Proposed Remedial Action 

Extension of WPCP capacity to 1.16 IMGD was proposed at 
a cost of $120,000 (1974). The elimination of footing drains was 
deemed too costly and of questionable effectiveness. 
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CASE HISTROY DATA SHEET 



MUNICIPALITY 
REPORT TITLE (S) 



REPORT DATE(S) 
AUTHOR (S) 



City of Brockville 

Design Report on the Expansion of the 

City of Brockville Main Sewage Pumping 

Station and Water Pollution Control Plant 

October, 1976 

Gore & Storrie 



SERVICING DATA 



SERVICED 
POPULATION 

NOMINAL 
TYPE OF 
SEWERAGE 

WPCP DESIGN 
CAPACITY 



WPCP 
AVERAGE 
DAILY FLOW 



22,000 (1975) 



Separa te 



3.75 IMGD 



3.6 IMGD 



SERVICED 
AREA 

TYPE OF 
WPCP 



WPCP 

PER CAPITA 

DESIGN 



WPCP AVERAGE 
PER CAPITA 
FLOW 



5,100 Acres 



Primary + 
P Removal 



125 IGPCD 



162 IGPCD 



DESCRIPTION OF COLLECTION AND TREATMENT FACILITIES 

The original separate sewerage system was constructed in 
1887. Subsequent system expansions were constructed as separate 
storm and sanitary sewers. Common trenches and manholes were employed 
extensively in the sewer system due to the considerable rock excavation 
required. As a result, many sanitary connections were mistakenly 
made to storm sewers. Common manholes with a low partition wall 
between storm and sanitary sewers allow overflow at peak flow rates. 
In addition, many partitions have been broken down or removed. Thirty 
per cent of all manholes are common to both sewer systems. Many 
roof leaders and footing drains are also connected to the sanitary 
system. 



- 54 



The WPCP consists of primary treatment and sludge digestion 
facilities. Pumping stations can pump approximately 9 IMGD to the 
treatment plant. Flows in excess of this quantity are automatically 
bypassed to the St. Lawrence River. The WPCP is also provided with 
an emergency bypass . 

Collection and Treatment System Problem Areas 

The WPCP has serviced fewer people than anticipated. 
The original design assumed an ultimate population of 30,000; only 
22,000 are serviced in actuality. Spring flows significantly in 
excess of WPCP design capacity result in hydraulic overloading of 
primary clarifiers. Between February and June, 1975, flows averaged 
4.6 IMGD. Peak flow rates of 9.0 IMGD have been recorded in wet 
weather. 

Known Water Quality Problem Areas 

In system cross-connections result in significant 
pollution in Butler's Creek. The pumping station was estimated to 
bypass 22.0 IMG (1975) or 1.6% of total station pumpage. Pumping 
station bypass resulted in noticeable riverfront pollution. 

Proposed Remedial Action 

1. Physical separation of storm and sanitary sewers 
into separate manholes, items including elimination of inter- 
connections, construction of relief sewers, pipe and manhole 
restoration and cleaning. Cost of program $2.7 million. 

2. WPCP expansion on the basis of 160 IGPCD to 4.8 IMGD 
(2000 AD) . Expansion of pumping station to 12 IMGD. Cost of 
expansion $2.0 million. 
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APPENDIX III 



OPERATING AND CAPITAL COSTS 
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APPENDIX III 



OPERATING AND CAPITAL COSTS 



In order to determine WPCP capacity and volume variable 
operating costs from MOE data, the utility costs must 
first be divided into capacity and volume variable fractions. 
The summation of other capacity and volume variable operating 
costs with the appropriate utility cost fraction then provides 
the input for the development of the operating cost formulas for 
each type of WPCP. The costs associated with equipment replace- 
ment and the acquisition of new physical assets, which appear in 
the MOE operating cost data, actually represent additions to 
WPCP capital costs in time periods subsequent to initial construc- 
tion. For this reason, these two types of cost are excluded in 
the present analysis. 

The next section briefly reviews utility cost structure 
and provides a means whereby existing utility costs may be 
divided. Section III-2 presents regression formulas for total 
capacity and variable operating costs for each WPCP type. Capital 
cost economy of scale exponents obtained from the literature are 
presented in Section III-3. Section III-4 presents sample cost 
calculations using the various cost formulae. 

III-l Utility Costs 

The sum of water, fuel and electricity costs constitute 
total utility cost at a WPCP. Water, generally, represents a minor 
cost component and is neglected in further analysis. Annual utility 
consumption for the remaining components can be divided between a 
volume variable and capacity variable fraction. For example, WPCP 
electrical demand results from pumping operations for which demand 
varies with processed volume and from operations such as aeration 
for which demand varies principally with WPCP design capacity. 
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The following regression formulas present a relation 

for each WPCP type between the fraction of utility costs that 

are volume variable and the WPCP capacity utilization ratio 

Daily Avg. Volume , . The formulas are the result of an 

(CUR = -. ~ rr — ) 

Design Capacity 

analysis of utility demand and costs for fuel and electricity 
for the different WPCP types. 

The fractional multipliers UC are applied to the 
total utility cost to obtain the volume variable utility costs 
Capacity variable utility costs are obtained by subtraction 

MULTIPLIERS FOR VO L UME VARIABLE FRACTION OF UTILITY COSTS 

Primary WPCP's 

CUR 



UC = 



1.101 CUR + 0.617 



Secondary WPCP's 

CUR 



UC = 



V 1.195 CUR + 1.991 
Extended Aeration WPCP's 

CUR 



UC = 



v 1.315 CUR * 3.357 



UC - fractional multiplier for volume variable utility costs 
v 

< < 

CUR - capacity utilization ratio (0.1 - CUR - 4.0} 



, daily average volume , 
design capacity 
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II I- 2 Operating Costs 

The application of the linearization and least squares 
technique to MOE 1976 total operating costs divided into volume 
and capacity variable fractions results in the following formulas 
for the different WPCP types. Significant correlation 
was obtained in all cases. No attempt was made to produce 
operating cost formulas for tertiary treatment facilities due to 
the limited data base. 

OPERATING COST FORMULAE 



Primary 

Capacity variable costs 
Cost = 50.73 (cap.) 

Volume variable costs 

Cost = 14.43 (vol.) 

Secondary 

Capacity variable costs 
Cost = 65.10 (cap.) 

Volume variable cost 

Cost = 17.75 (vol.) 

Extended Aeration 



0.575 



0.816 



0.675 



0.906 



Economy of Scale 
Exponents 



n = 0.575 
c 



n = 0.816 
v 



n = 0.675 
c 



n = 0.906 
v 



Capacity variable costs 
Cost = 51.32 (cap.) 

Volume variable cost 

Cost m 14.92 (vol.) 



0.379 



0.906 



n = 0.379 
c 



n = 0.906 
v 



UNITS 

Cost = Thousands of Dollars 

Cap. = IMGD 

Vol. = IMGD 
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APPENDIX TL FIG 3 EXTENDED AERATION OPERATING COSTS 

MOE- FACILITIES- 1976 



Ill- 3 Capital Costs 

Lemieux (5) presented WPCP capital cost functions developed 

from Black and Vaetch data (14) , for both primary and secondary 

facilities. The functions are presented in terms of design wastewater 

flow which is assumed to be twice the average flow. For purposes of 

this analysis, only the economy of scale exponents are abstracted from 

the cost functions. It is assumed that the economy of scale exponent 

indicated for secondary WPCP' s applies also to extended aeration and 

tertiary WPCP's. The economy of scale exponents are as follows: 

Primary WPCP - 0.83 

Secondary WPCP 

Extended Aeration WPCP -0.92 

and Tertiary WPCP 

II I- 4 Capital and Operating Cost Example Calculation 

EXAMPLE CALCULATION 
Basic Data 

WPCP Type - Secondary 

WPCP Design Capacity - 10.0 IMGD 

WPCP Daily Average Flow - 9.5 IMGD 
Serviced Population - 50,000 

Percentage Extra Capital Cost Computation 
Per Capita Daily Sewage Contribution = 190 IGPCD 

Baseline Per Capita Daily Sewage Contribution = 140 IGPCD 
Economy of Scale Exponent (from Appendix III- 3) 

n 1 =0.92 



Percentage „ „„ 

Extra , ,140, 

Capital = " ( I90 } x 100% * 25 % ( Ec I uatlon 5 > 

Cost 
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EXTRA OPERATING COST COMPUTATION 

ANNUAL VOLUME VARIABLE OPERATING COST (From Appendix III-2) 
COST = 17.75 (vol.) ' 906 
= $136, 000 /yr. 
ANNUAL CAPACITY VARIABLE OPERATING COST (From Appendix III) 
COST = 65.10 (cap.) ' 
= $308 ,000 /yr. 
ANNUAL TOTAL OPERATING COST = $444,000/yr. 

ANNUAL TOTAL PER CAPITA OPERATING COST = $8. 9 /per capita/yr. 
EXTRA CAPACITY VARIABLE ANNUAL OPERATING COST 

0.675 



140 
EXTRA COST = $308,000 x (1 - (-ttt) 

= $57 ,400/yr 

EXTRA VOLUME VARIABLE ANNUAL OPERATING COST 

, M 0.906 
140 
EXTRA COST m $136,000 (1 - (~r) 

= $32,900/yr 



) 



(From Equation 3) 



) 



(From Equation 4) 



ANNUAL TOTAL EXTRA OPERATING COST = $90,300/yr 

ANNUAL TOTAL PER CAPITA EXTRA OPERATING COST = $1.8/cap/yr. 
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APPENDIX IV 

COMPUTATION OF A THEORETICAL DAILY PER CAPITA 
SEWAGE CONTRIBUTION FOR ONTARIO 
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APPENDIX IV 

COMPUTATION OF A THEORETICAL DAILY PER CAPITA 
SEWAGE CONTRIBUTION FOR ONTARIO 

In separated sanitary sewerage systems, the daily sewage 
flow is composed of inputs from the following sources: 

- domestic 

- commercial/institutional 

- industrial 

- infiltration 

An estimate of each of the above flow components and the 
estimating methodology is presented. All individual flow components 
are calculated and expressed as a daily per capita sewage contribution. 
Domestic 

Daily per capita sewage contributions from domestic sources 
may be calculated from an average domestic per capita water consumption 
adjusted for the fraction of the water not returned to a sanitary 
sewer. The fraction of water not returned to sewerage accounts for 
domestic water use in lawn sprinkling , car washing, etc. 

The average value of domestic daily per capita water consump- 
tion used in this analysis is 61 IGPCD. This value is taken from a 
nationwide survey of water usage and sewage generation conducted by 
Environment Canada in 1975 (11). 

A sanitary sewer return factor of 0.85 is employed based 
upon a median return factor recommended for U.S. I/I investigation 
practice (12) . 

The resulting domestic daily per capita sewage contribution 
is 52 IGPCD. 
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Commercial /Institutional 

Based upon Environment Canada data (11) , an equivalent daily 
per capita water consumption of 30 IGPCD is employed. 

Assuming the same sanitary sewer return factor employed 
for domestic computations , an equivalent daily per capita sewage 
contribution of 26 IGPCD results. 
Industrial 

Although industrial water consumption data are available 
from the Environment Canada study, they are not employed due to the 
uncertainties in defining a sanitary return factor for industrial 
usage. Uncertainties arise from industries using private well 
supplies, yet returning sewage, and from municipally supplied 
industries , using large quantities of cooling water not discharged 
to sanitary sewers. The uncertainty is compounded by water 
incorporated into industrial products. 

The industrial equivalent per capita sewage generation is 
derived from the following equation: 

i 5& 

P D 
where - I is the equivalent industrial per capita sewage generation 
(IGPCD) : 

- Q is the average areal industrial contribution 
gal Ions /acre /day (GPAD) 

- f is the average fraction of industrial land use 
acres of industrial land/acres serviced land 

- p is the average population density ( persons /acre) 
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An APWA study of Ontario municipalities (10) indicates the 

following values of f , and P 

ID 

fj = .093 

P = 12 persons /acre 

Assuming a median areal industrial contribution of 4000 CPAD 
(MOE SANITARY SYSTEM DESIGN (13)), the following equivalent industrial 
daily per capita sewage generation is obtained: 

x m .093^4000 = n IGpCD 

Infiltration 

An equivalent per capita infiltration component can be 
calculated from the following equation: 

X N =Q L XL 

where: I is the daily contribution as infiltration per 

N 

capita serviced 
is the infiltration input per lineal distance 

Li 

of sanitary sewer including main sewers, laterals 
and building sewer connections (IGPCD/ foot) 
L is the average length of sanitary sewer per capita 
(fee t/ person ) 
The survey of Ontario combined sewerage (1) has provided a 
relationship between population and per capita sewer length. Assuming 
a weighted average Ontario municipal population of 12,500 persons 
(1976 Municipal Directory) , an average per capita sewer length of 18 feet 
is derived by means of the above relationship. 
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A median lineal infiltration input of 0.57 gpd/ft of 

sewer (3000 gpd/mi) (MOE Sanitary System Design) gives the 

« 
following equivalent per capita infiltration contribution: 

I„ = .57 x 18 
N 

=10 IGPCD 
Summary 

Combining the per capita contributions from all sources 

gives the following overall daily per capita sewage contribution: 

m 

Domestic + Comm/Ins. + Industrial + Infiltration 

52+26+31+10 % 

=119 IGPCD 
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